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Appl. No. 10/660,186 Docket No. A01477 

Amdt. dated July 03, 2007 

Reply to Office Action of May 03, 2007 

REMARKS/ARGUMENTS 

Claims. 1-6 and 1 1-24 remain in this application. Claims 7-10 are cancelled without 
prejudice. No amendments to the claims are submitted at this time. 

Response to rejection of claims 1-6. 1 1 -20, and 22-24 over Irie 

In die above-identified Office Action the Examiner rejected claims 1-6 and 1 1-20 

under 35 USC §103(a) as being obvious over US 5,959,028 (Irie). 

Applicants respectfully maintain that the Examiner has not provided a proper 

prima facie case for the recjection. Applicants respectfully maintain their arguments as 

presented in their previous paper of February 08, 2007. 

One topic that Applicants wish to clarify in the present paper is the amount of 

solvent contained in the Michael-curing compositions disclosed by Irie. Applicants 

maintain that wherever Irie discloses a composition that contains Michael donor and 

Michael acceptor, that same composition has non-reactive volatile content of 43% or 

higher. 

In the above-identified office action (page 6), the Examiner stated, 
"Finally, in Example 31 he [Irie] exemplifies the process of 
obtaining of base coat composition using the claimed 
ingredients, Michael addition reaction, and only 7% of 
non-reactive volatile compound, such as isoproplyl alcohol 
(col 12, line 40 through col. 13, line 2). " 
Applicants respectfully submit that the Examiner's description of Trie's Example 31 is 
incorrect. For example, the ingredients list for Iric's base coat composition (Irie, col. 12, 
lines 48-64) shows that the base coat composition does not have a Michael donor. Thus 
the base coat composition is not capable of Michael addition reaction. Consequently, 
whatever the level of non-reactive volatile compound in .Trie's base coat composition, that 
base coat composition does not have all the features of the composition recited in the 
present claims. 
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In Trie f s Example 31, Ixie teaches that the base coat composition is applied and set, 
and "then" the solution of tie's Example 1 is applied. The base coat composition and the 
solution of Example 1 are clearly two separate compositions in Irie's teachings. As 
discussed in detail in Applicants 1 previous papers, the solution of Iric's Example 1 that is 
used in Irie's Example 31 has at least 43% non-reactive volatile compounds. 

Consequently, Applicants maintain that Trie's Example 31 does not disclose any 
one composition that has Michael donor and Michael acceptor and that also has less than 
43% of non-reactive volatile compound. 

Applicants further submit that, when tie's entire disclosure is examined, there is 
no place in Iric's disclosure in which Trie teaches any composition that has Michael donor 
and Michael acceptor and that has less than 43% of non-reactive volatile compound. Irie 
characterizes compositions of his invention (i.e., those that arc capable of Michael 
addition) as "dissolved or dispersed" in solvent, and all of tie's examples of such 
comositions have at least 43% of non-reactive volatile compound 

Applicants submit that Trie's "solvent" is a non-reactive volatile compound. 
Solvents arc, by definition, non-reactive compounds. Regarding volatility, Irie describes 
his compositions as "for coating use" (col. 1, line 5). It is well known that, in order for a 
composition to be useful as a coating, the solvent must be volatile. 

Consequently, Applicants maintain that Irie does not teach or suggest 
compositions with Michael donor, Michael acceptor, and a level of non-reactive volatile 
compound lower than 43%. In contrast, the present claims recite level of non-reactive 
volatile compound of 5% or less. The Michael donor and Michael acceptor in Trie's 
compositions arc dissolved or dispersed in solvent. In contrast, in the compositions of the 
present invention, the multi-functional Michael donor and multi-functional Michael 
acceptor cannot be dispersed or dissolved, because the amount of non-rcactive volatile 
compound is too small to allow for that. Thus, the physical form of the composition of 
the present invention is of a different type than the physical form of the compositions 
disclosed by Trie. Therefore, Applicants submit that the large difference in level of non- 
reactive volatile compound renders the present claims non-obvious over Irie. 
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Response to rejectio n of claim 21 over Trie in view of Leake 

In the above-identified Office Action the Examiner rejected claim 21 under 35 
USC §103(a) as being obvious over US 5,959,028 (Me) in view of US 6,521,716 
(Leake). 

Applicants discussed Leake in detail in their paper of April 13, 2006. As 
explained therein, the disclosure of Leake is limited to Michael curing compositions 
involving a particular set of Michael acceptors. The specific Michael acceptors disclosed 
by Leake are either those labeled by Leake as "doubly activated (Leake, col. 3, line 55) or 
else those chosen from a specific list (Leake, Abstract). Thus, a person of ordinary skill 
will conclude that Leake is teaching that Leake's specific Michael acceptors are required 
to accomplish cure without the use of catalyst. 

In contrast to Leake's teaching, the multi-functional Michael acceptors of the 
present claims do not fall within the category of the specific Michael acceptors defined 
by Leake. The multi-functional Michael acceptors of the present claims have the 
characteristic that "each Michael acceptor functional group in said multifunctional 
Michael acceptor is a residue of acrylic acid, methacrylic acid, fUmaric acid, or maleic 
acid." These acid residues may be attached to the skeleton of the multi-functional 
Michael acceptor through any of a wide variety of types of chemical bonds (present 
specification, p. 3 lines 16-26), but all of the acid residues recited in the present claims 
form multi-functional Michael acceptors that are different from the specific Michael 
acceptors defined by Leake. 

Consequently, Applicants submit that, in order to combine the teachings of Irie 
and Leake to arrive at the features of present claim 21 , a practitioner would need to 
discard one of Leake's required features (i.e., the specific Michael acceptors defined by 
Leake). Therefore, Applicants submit that it would not be obvious to combine trie and 
Leake to arrive at the features of present claim 21, and thus Applicants submit that 
present claim 21 is not obvious oyer Irie in view of Leake! 
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Clemens Reference - Complete Copy 

On December 12, 2007, Applicants submitted an Information Disclosure 
Statement that listed RJ. Clemens, Journal of Coatings Technology , vol. 61 , no. 770, pp. 
83-91, 1989, "Comparison of Catalysts for Crosslinking Acetoacetylatcd Resins Via the 
Michael Reaction. " 

Applicants recently discovered that, by accident, the copy of this reference that 
was sent with the IDS on December 12, 2007 was incomplete. A complete copy of the 
reference is included herewith. 

Conclusion 

In view of the foregoing amendments and arguments, Applicants respectfully 
request the Examiner to reexamine the claimed subject matter, to withdraw the rejections 
of the claimed subject matter and to allow claims 1-6 and 1 1-24 at this time. If, however, 
there remain any open issues which the Examiner believes can be resolved by a telephone 
call, the Examiner is cordially invited to contact the undersigned agent. 

No fees are believed to be due in connection with the submission of this 
amendment; however, if any such fees, including petition or extension fees, are due, the 
Commissioner is hereby authorized to charge them, as well as to credit any 
overpayments, to Deposit Account No. 18-1850. 



Respectfully Submitted, 




Rohm and Haas Company 
Independence Mall West 
Philadelphia, PA 19106-2399 



Registration No. 51 ,798 
Tel: 215-619-5242 
Fax: 215-619-1612 



Carl P. Hemenway 
Agent for Applicants 



Date: July 03, 2007 
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A Comparison of Catalysts for Crosslinking 
Acetoacetylated Resins via the 
Michael Reaction 

Robert J. Clemens and F. Del Rector . 
Eastman Chemical Products , Inc.* 



Thermoset coatings can be prepared at ambient tem- 
peratures from acetoacetylated resins, polyacrylates 
or unsaturated resins, and a basic catalyst, via the 
Michael Reaction. A model of this crosslinking sys- 
tem, the reaction of isobutyl acetoacetate and ethyl 
acryfate, was carefully studied to determine the ef- 
fects of different catalysts. Several acetoacetylated 
resins were crossfinked via the Michael reaction and 
the physical properties of the resulting thermoset 
coatings were evaluated. 



INTRODUCTION 

The coatings industry is continually searching for new 
methods of preparing thermoset polymers at ambient tem- 
peratures, and several research groups have, recently ex- 
amined acetoacetylated polymers in this regard. Aceto- 
acetyl groups arc amphoteric, and thus can participate in 
a variety of chemical transformations which might be 
used to modify or crosslink polymers (Figure l). 1 Rea- 
gents which are known to react readily with acetoacctyl 
groups include amines, which react with the acetoacctyl 
c.arbonyj group; aldehydes, which react with the active 
methylene group; and metal ions, which chelate with the 
enolatc anion formed by treatment of the acetoacctyl 
group with a base. Each of these latter methods has been 
used to functionalize or crosslink acetoacetylated poly- 
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mers at ambient temperatures. The active methylene 
group of the acetoacctyl functionality is also known to 
participate in the Michael reaction, providing yet another 
approach for ambient temperature crosslinking. 

The Michael reaction (Figure 2) is the base-catalyzed 
addition of a carbanion (the Michael donor) to an activat- 
ed olefin (the Michael acceptor) such as an aciylate es- 
ter, 2 While the Michael reaction of acetoacetylated poly- 
mers was described as early as I956, 3 it has only recently 
become of interest in thermosetting coatings systems. 
Technology has been described for crosslinking butyl 
acrylare/acetoacetoxyethyl methacrylate (AAEM) 
copolymers with polyacrylates such as trimcthytelpro- 
panc triacryJate (TMPTA) in rhe presence of a strongly 
basic catalyst at ambient temperatures. 4 The possibility of 
preparing high-solids coatings based on Jow molecular 
weight acetoacetate esters of simple polyols or polyester 
resins is intriguing. Preliminary experiments in this latter 
area, although promising, revealed a dramatic variation 
in cure rates of different systems. We therefore sought a 
greater general understanding of this Michael crosslink- 
ing technology, with a special emphasis on the catalysts; 
our efforts in this regard arc the .subject of this paper. 

The Michael reaction is well documented in a qualita- 
tive sense for smali molecules, but virtually alt kinetic 
' studies on the Michael reaction have been run with gener- 
al base catalysis in buffer solutions, rather than with 
catalytic quantities of base in organic solvents. 3 This lack 
of background information,, coupled with the inherent 
difficulties of evaluating the formation of thermoset coat- 
ings on a molecular level, Jed us to study a model system, 
Our model system provided us with a greater understand- 
ing of the crosslinking process which is effected via the 
Michael reaction and also facilitated the evaluation of 
new catalysts. 
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Figure 1— Acetoacetyl groups 
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THE MODEL SYSTEM 

Isobuty! acetoaceiate [(1) in ftg«r# 3] was selected to 
model an acetoacetyJated polyester derived from neopen- 
tyl glycol or cydohexancdimethanol, and ethyl acrylate 
[(2) in Figure 3] was used to model the TMPJA. Com- 
pounds 1 and 2 were dissolved in n-butanol (nDuOH), 
tetrahydrofuran (THF), or xylene, at concentrations 
which approximated the concentrations (I M) of the two 
functional groups in a high solids coatings system; the 
resulting solutions were carefully equilibrated at 25 C 
(IT?). A catalyst was added to each solution, and ah- 
quots were periodically withdrawn, neutralized, and ana- 
lyzed by gas chromatography (see Experimental section 
for further details). In sample runs with 5 mole% (relative 
to acetoacetyl groups) of benzyttri methyl, ammonium 
rnethoxide or KOH as the catalyst, the formation of both a 
mono (3) and a bis-Michael adduct (4) was observed 
(Figure 3). The reaction proceeded until virtually all or 
the ethyl acrylate was consumed (Figure 4). 
. Analysis .of the data from a scries of model reactions 
suggested that the rate of the Michael reaction had a first 
order dependency on the acrylate concentration, hut was 
independent of the concentration of the Isobutyl acetoace- 
tatc (I). Indeed, the rate of reaction was unchanged when 
the acetoaceiate concentration was reduced ten-fold. This 
data is consistent with a'reaction mechanism in which the 
deprotonation of the aceioacctate ester is rapid and af- 



fords a steady-state concentration of the reactive enolatc 
anion (S) (Figure 5). The model reaction is more complex* 
than might be surmised from the apparent first order 
nature of the process since, after the reaction has started, 
ihere are two acetoaceiate anions ((S) and (7)] competing 
for the ethyl acrylate. From a coatings development 
standpoint, however, the rate of Michael reaction of ethyl 
acrylate is the critical factor; each molecule of ethyl 
acrylate consumed in the model system corresponds to the 
formation of a branch point or a crosslink in an actual 
resin formulation. A more detailed picture of the overall 
mechanism is presented in Figure 5;* several and-bofe 
equilibria, particularly anion protonation by. the solvent 
or other acetoaceiate species, have been omitted for 
clarity. 

AflEM 

Our model system showed the rate-limiting step of the 
Michael reaction to be dependent upon the acrylate (1) 
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Figure 2— Michael reaction 
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Figure 3— Formation of both a mono (3) and a bis-Michael adduct {4) as a. result of sample runs with 5 mole% (relative to 
acetoacetyl groups) of benzyitrimethyi ammonium mcthoxlde or KOH as tha catalyst 



and acetoacetate anion (5) concentrations. In coatings 
systems, adjustment of (he acrylate concentration would 
be limited by stoichiometric considerations and could not 
be used to control the rate of crosslinking. The depen- 
dence of the reaction rate on the acetoacetate anion con- 
centralion, however, was quite promising since the con- 
centration of this anion could be varied by both the 
amount of catalyst which wars used and by the initial 
deprotonation equilibrium <k,/k_!). Wc therefore 
planned to examine the effect of a variety of bases on this 
deprotonation equilibrium via our model system. 

The appearance of a bis-Michael adduct in our model 
reactions was relevant to subsequent work; it greatly 
complicated kinetic analysis of the model system and 
implied that less than an equivalent of the acetoacetate 
functionality was required relative to the acryjaie. More 
importantly* coatings formulations in which large 
amounts of the bis-Michael adducts were formed would 
be expected to cure faster and to gel sooner than those in 
which only mono-Michael adducts were produced. The 
Caroihers equation was used to predict the extent of 
reaction necessary to achieve infinite molecular weight as 
a function of the number of reactive functional groups 
which were present on the resin and on the crosslinking. 
reagent. 6 This latter information is important when con- 
sidering the pot life of various systems (note that a hi-, 
functional crosslinking reagent would he expected to pro- 
vide a much longer pot life than a tctrafunctional One for a 
given catalyst system)* A graphical rendition of the Car- 
others equation (Figure 6) was used to predict the extent 
of reaction for which our mode! system might be expected 
to approximate the solution chemistry in actual coatings 
systems.* 



state concentrations of the anion. Wc selected commer- 
cially available amidlne and guanidine bases (Table I) 
which had pK b values intermediate between hydroxide 
and trkrhylamine for our studies. The active methylene 
protons on aceroacetate esters have a pK a of 1 2, and the 
meihine proton of the mono-Michael adduct (3) has a pK 0 
of ~I3» so these bases were expected to vary the depro- 
tonation equilibria and, consequently, the relative con- 
centration of ihc acetoacetate anion. It was expected that 
the hydroxide bases would rapidly deprotonate the ace- 
toacetate (k,>>k_, or k 2 ) and thus establish a limiting 
velocity for the Michael reaction under the conditions of 
our model system. This limiting rate appeared to be 30 x 
l<T 5 sec" 1 (Figure 7).* 

As shown in Figure 8, TMG was found to be an 
effective catalyst for the Michael reaction of our model 
system, and was also found to be less sensitive to the 
reaction solvent than KOH. It also catalyzed the Michael 
, reaction less effectively, as was predicted. 

The relative reaction rates which resulted from using 
the various bases in our model system are shown in Table 
2, and the effect of various catalyst concentrations on the 
rare is shown in Table 3 and Figure 9. Rate consents over 
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EVALUATION OF CATALYSTS 

It is known that Michael reactions between acetoace- 
tate esters and aery I atcs occur readily at 25°C with strong 
bases such as methoxidc and hydroxide, but not with 
weaker organic bases such as triethytamine. T This can be 
explained by the position of the deprotonation equilibri- 
um (k,/k~ T )> i» which weaker bases afford lower steady- 
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Figure 4~MIchael reaction of the model system; KOH catalyst 
(5 mole%); 25*C 
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Figure 5 — Overall reaction mechanism 



20 X 10" 3 sec" 1 in our modclsystern usually correlat- 
ed with extremely short pot lives in actual coatings sys- 
tems, while rate constants less than 2 x 10" 5 sec " 1 
could not be expected to provide effective Cure in a 
coating. . 

The results in Table 3 show that amidinc and guanidine 
bases are clearly effective catalysts for the Michael rcac* 
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Figure 6— Degree of reaction at gel point <by Carothers 
equation) 
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tion; 7 TMG and DBU provided the lower reaction rates 
which were expected as k_ ■ became larger relative 10 k ( . 
The rate of reaction achieved with the DBN was unex- 
pected and is not yet fully understood; possibly the pKj, 
of DBN in our system was higher than anticipated. At 
25°C. and at 5-10% icvels. neither triethylamine, M- 
dia7,abicyclo(2.2.2)octane (DABCO), nor 4-dimcthyl- 

Table 1— Basicity of Some Commercially Available Catalysts 
For the Michael Reaction 

NM 

yy co co 

TMG OBU DBN 

B^o Class pK„ 

Trieihylaminc <Ei,N) aniiiie 10.7 

l;»-Diazabicyclo(5.4.0)undec-7-enc(DBU> amidinc 12.* 

U5-Dia7^bicyclo(4.3.0)non-5-cne(DBN) amidinc 12.7 

TctranKthylgiwiidinc (TMG) gurmidine 13.6 

Sodium hydroxide <NaOH) hydroxide - M 
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F^urc 7— Michael reaction of the model system; TBAH 
catalyst (5 mol%); 25«C 
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Figure ft— Michael reaction of the model system; TMG catalyst 
<5mol%);25°C 



arninopyridine (DMAP) would catalyze the Michael reac- 
tion; at) of these compounds are basic catalysts of rela- 
tively low pK b , As expected, the rale of the Michael 
reaction increased with increasing catalyst levels; wirh 
TMG, the correlation between the rate of reaction andthc 
catalyst level (1-8 mOle%) was nearly linear. 

The relative amount of (he bis-Miehacl adduct (4) 
which was produced varied considerably between the 
different types of catalysts. As discussed previously , for- 
mation of the bis-adduct would accelerate curing in an 
actual coatings system. If measured when half the ethyl 
acrylatc was consumed, the amidine bases DBU and DSN 
provided bis/mono adduct ratios (4/3) of about 0.7, which 
was far higher than the bis/mo.no adduct ratio of 0.04 
achieved with the hydroxide bases, TMG was closer to 
the amidincs, with a bis/mono-adduct ratio of 0.3. Thus, 
at catalyst concentrations which provided equal rate con- 
stants, the amidine and guanidine catalysts would be 
predicted to provide more densely cross 1 inked systems 
than the hydroxide bases, partially at the expense of pot 
Jifc. 

The Michael reactions of isohutyl acetoacciaic with 
several other activated olefins (Michael acceptors) were 
briefly examined to establish a general order of reactivity. 
Bihyl acrylate was clearly the most rcaciive olefin stud- 
ied, but diethyl maleate also reacted readily. Methyl ' 
mcthacryiate (MMA) and ethyl crotonaie were notably 
less reactive, while ethyl cinnamate barely participated in 
TMC-catalyzcd Michael reactions at ambient tempera- 
tures. . 



Two acetoacctylatcd acrylic resins were synthesized by 
the radical-promoted, solution polymerization of A AEM 
with MMA. The physical properties of these copolymers, . 
containing 20 and 30 mol% A A EM, respectively, arc 
summarised in Table 4. These resins had. significantly 
reduced solution viscosities and glass transition tempera- 
tures when compared with MMA or MMA/hydroxycthyl- 
methacrylate (HEMA) copolymers; this was an expected 
and desirable result of introducing bulky pendant groups 
onto the polymer backbone. 

In the first of the aforementioned series of gel point 
experiments, our 20 mol% AAEM/MMA copolymer (fw 
614/acetoacetyl group) and TMPTA were dissolved in 50/ 
50 butanol/xylene to afford a solution (36% solids) which 
was 0.5 M in both acetoacctatc and acrylatc functionality. 
The addition of 2.5 moI% (relative to the aceroacetyl 
groups) TMG catalyst gelled this solution in six hours 
(Table 5); doubling this catalyst level to 5 moI% reduced 
the gel time by a factor of 3, to two hours. Gel times 
could be shortened by replacing the 5 mol% TMG (gel 
rime = 6 hr) with a similar concentration of DBN (3 hr) 
orTBAH (4 hr), Or lengthened with DBU (22 hr), which 
was consistent with predictions from our model study and 
mechanistic analysis. The gel time could be shortened by 
the addition of excess TMPTA; doubling the TMPTA 
concentration reduced the gel time by a factor of — 1 .5. 

Little dependence on the concentration of the acetoace- 
tylatcd polymer was observed (in the 0. 1- 1 M range), and 
in several cases the more dilute samples gelled faster. 

Application of thcCarothers equation indicated that the 
number of functional (acetoacetyl) groups per polymer 



PREPARATION OF THERMOSET MATERIALS — 
GEL POINT EXPERIMENTS 

Our catalyst evaluation was extended to the preparation 
of thermosct materials, via the ambient temperature 
Crossl inking of acctoacetylated acrylate, polyester, and 
cellulostc materials. This evaluation of Michact cross- 
linking technology occurred in two distinct technical 
phases. First, a series of gel time experiments was used to 
determine the general versatility of the Michael approach 
to crosslinking; the crosslinking of two acrylic, AAEM- 
based resins was then examined in greater detail. 



Table 2— Pscudo-Flrst*Order Rato 
Constants, Five Mole% Catalyst 
(x lo*sec- f ) 



Catalyst 


THF 


XyFcrtc 


nUwOH 


EEP 


KOH 


29 


insol. 


.20 




nBibNOH . . . 


. 30 


10.5 


6.3 




TMG 


5.8 


5.0 


7.7 


8.3 


DBU 


28 


2.7 


3.7 




DBN 


29 








Et,N 


<0.t 
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Table 3— Effect of Catalyst Concentration 


on the Rate of 




MrcheeJ Reactions 




THF, 2S*C 




Catalyst 


Concentration- 


Rate (* 10* sec* 1 ) 


nDujNOH (TBAHj 


, 5% 


30 




2 




TMG 




2t 




8 


7 




_> 


5.8 




4 


4:4 




? 
1 


i.o 

0.5 


DBU 




?.8 




2 


0.1 


DBN 








2 • 


2.7 



molecule would aLso affect coatings cure, especially on 
materials with 2-20 functional groups. It was also antici- 
pated that the concentration of both functional groups 
would become Important as the acrylalc groups became 
attached to the polymer and thus became less mobile; 
effective Crosslinktng would then depend on the physical 
proximity of functional groups. This dependency was 
observed by the comparison of a JO mole% AAEM/MMA 
copolymer with the 20 inoIc% A AEM/MM A. copolymer 
described previously; at identical concentrations of ail 
functional groups, the less funclionalized polymer re- 
quired four times longer to gel (6 vs 24 hr). This result 
also established- that our model system could be used to 
predict relative reactivities of different Michael* systems 
and catalysts, but was not itself sufficient to predict cure 
times for different polymer systems. 

The importance of functional group accessibility be- 
came even more apparent with acetoacetylafed polyester 
resins and cellulosic polymers. These materials were pre- 
pared by acetoacelyfating pendant hydroxyl groups on the 
polymers with diketcne or methyl aceloacetate. In these 
polyesters and cclluiosics. the aceloacety! groups were 
attached directly to the polymer backbone without the 
benefit of a spacer group as is present in AAGM, and this 
was reflected in slower cure rates under conditions simi- 
lar to those used with the AAEM/MMA copolymers. 
Furthermore, the £c! time of polymers with more hin- 




° OOOO JOO0O 4SO00 " 60000 

Figure 9—Mishael reaction of the model system; TMG 
Catalyst; 25»C 

88 



dered acctoacetyi groups appeared to decrease more rnp. 
idly with decreasing functional group concentrations than 
was the case with the AAEM based polymers!. It' w ;JS 
possible to offset (he slower rates by increasing the con; 
eventrations of both functional groups via higher solids 
formulations. This approach was'greatly simplified by the' 
viscosity^redocing properties of the acetoacctyl group. 
Increasing the nurnberof acetoaceLyl groups per molecule 
.was also found to enhance cure rates, especially with 
. lower molecular weight species. 

Cellulose triacetoaceiate was readily crosslinkcd with 
TMPTA» while several less highly acctoacetylated cellu- 
lose esters (mw- 12500/acetoacetyl group) could not be 
gelled. In an alternate approach to crossJinked cellulosic 
. systems, TMG was used to catalyze the crosslinking of an 
acryloylatcd cellulosic with glycerol trisaectoacetatc; 
crossfinking occurred, as demonstrated by sample gel- 
lation within one hour. This "reverse" approach to 
Michael-type crosslinking should be readily extended to 
make other coatings systems. 

PREPARATION OF COATINGS 

BASED ON ACETOACETyLATED RESINS 

The two AAEM/MMA copolymers which were pre- 
viously discussed were selected for a .more thorough ex- 
amination. DBU was selected as the cntalySL which would 
provide the greater cure latitude and the longer pot lives 
which were one of Our initial objectives-. Cure response 
curves (Figure 10) were determined for both resins, usinu 
a stoichiometric amount of.TMPTA as the crosslink ir,^ 
reagent, at four ditfcreni catalyst levels. 

The response curves were determined by hourly viscos- 
ity measurements; that level of catalyst which would 
provide a pot life of greater than eight hours and still 
afford complete Cure was sought. Consistent with earlier 
observations, the higher degree of functionality on the 30 
mol% AAEM resin resulted in complete cure at markedly 
lower levels of catalyst. For the resin containing 20moltf 
AAEM, 2 mol% of DBU (relative to the acetoacetv! 
. groups) gave the desired pot life and also effected com- 
plete cure, while I mole% of DDU was sufficient to cure 
the resin which contained 30 mole** AAEM. These cata- 
lyst levels are quite low when viewed as si percentage of 
the total coatings formulation (0.07-0.11%). and were 
used for the remainder of the coatings evaluations. The 



Table A — AAEM/MMA Copolymers and Properties 

R«$in (mol% AAEM) 



0 mot%» 20 mol%. 30 mol% 



WjfcAAEM 

m ; 

T.fO 

% Solids . 

BrookficM viscosity . . 
(cP x 10^ 



0 

9590 
105 
59.0 
471 



6970 
57 
57.7 
42 



<I7.8 
?650 
52 

58.0 
24 
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specific formulations which were tested ore described in 
Table 6," It should be noted that these resins were selected 
simply to provide a general indication of the potenria! of 
this technology, and were not formulated to enhance any 
particular properties. 

The preitiiacd ingredients were sprayed onto cold- 
roilcd steel panels which had been prctreated with Bon- 
dcritc® 37, and the coatings were then allowed to cure for 
seven days at ambient temperature. The performance 
properties of the resulting AAEM-based enamels were 
evaluated (Table 7) and found to have good overall coat- 
ings performance, particularly with respect to stain resis- 
tance. The major problem which was encountered was the 
relatively poor hydrolytic stability, as seen in Cleveland 
humidity tests. It was reasoned thai the amidme base 
which remained in the coating would catalyze the hy- 
drolysis of the crosslinkcd film. Indeed, a low tempera- 
ture bake (I00-I2OX) improved the hydrolytic stability 
of the coating 10 the point thai the coatings easily passed 
500 hr of Cleveland humidity testing. A more volatile 
amfdine catalyst, a catalyst neutralization scheme, or a 
catalyst less effective at ester hydrolysis may provide 
further enhancements in the technology of Michael-cross- 
linked coatings. 



EXPERIMENTAL 

Model System- 



-Typical Procedure 



A stock solution of isobutyl acctoacetate (7.9 g, 0.05 
mol), ethyl acrylate (5.41 ml., 0.05 mol), and 0.5 g of 
p-dichlorobcn2ene (internal standard) was diluted" to 



Bomiciilc in a KfiM<rcJ fraJtfrvAuw ttf r*,l«r Rum Pr^d 1 Cm. 



Resin 



Table 5— Preparation of Thermoset Materials via the 
Michael Reaction 

- [acAc]* Catalyst Cone* Solvent Gel Time fnr) 



Polyester' 



• X0M 



CHDM (AcAc) 2 .50M 
10%-AAKM/ 
MMA" .27M 
.21M 

20% A A EM/ 
MM A .25M 



Cctlutose {AcAc)\ ,33M 
.lUM. 

Cellulose acryhiie c .25M 
.20M 



TMG 
TMQ 
TMG 
DBU 
TMG 

TMG 
TMG 

TMG 

TDAH 

DUN 

DBU 

TMG 

TMG 

TMG 

TMG 



5 
2 

• I 
5 

10 



f*BuOH; 
aylcnc 



I 

I 

17 

no gel 
I 

6 



5 • 25 

10 accione I 



5 
S 
5 
5 
5 
5 
10 



nOuOH/ 
xylene 



acetone 



FEP 



A 
3 
22 
2 
I 
2 
t 



(bjCjiiJyM ctMicemrukto m nx«lU /eUUvc (<» aweHtit I ^>vp% 
J^r>MCD/N^a-rMP fP A k* m < Mw 6000. OH fcruup, W *««K<iyl«fcl. 
<J> \0 AAJ-M ,n roon<s«w, r«xd; set £xpc,HtKn*l sk-hiw. 
(OCdhjUx* «s-ccyt5 buo t**. -c>fen«ii with »t iyk>yl c Mumk- inru- Wx^hwl «rwo>" 
cro^NrtfctJ with jilyt.BiAi (rismccipfat'cutc * 



. CROSSLINKING ACETOACETYLATED RESINS 

$0.00 mL with THF. A 10.00 mL volumetric flask was 
filled with a portion of this solution and immersed in a 
H;iuke constant temperature bath whose comenis were 
maintained at 25.0 ±0J°C. TMOi(5 mo!c%, 0.063 mL) 
was added to the thermally equilibrated solution and (he 
flask was agitated. Reaction aliquots (0.5 mL) were re* 




M I I M 1 I I 1 I I 1 1 I M I I I'l M 

0 .5 1 t.5 | U 1 « 4 4J S Li S U 7 7.1 I U I +■% WOA 11 
P*i lit* (Hv-rr} 




*>» tilt (ttourt) 



Figure 
A A EM 



10— A: Michael addition, DBU catalyst, 20 molq% 
resin, pot life. B; Michael addition, DBU catalyst. 
30 mole% AAEM resio, pot life 
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moved at Tinie = 0, and then at 30-60 min intervals for 
the next eight hours. These aliquots were added to a vial 
which contained 2.00 mL of diethyl ether and 0,200 mL 
of 0.1N HQ, and the vials were thoroughly shaken and 
the phases allowed to separate: A portion oF the ethereal 
layer was transferred to a sample vial for GC analysis. 
Control experiments established that the extraction proce- 
dure completely quenched the Michael reaction and that 
the relative amounts of the rcactants (except the catalyst), 
the products, and the internal standard were unchanged 
by the extraction procedure. The samples were than au- 
toinjeeted (HP7673A) onto a 30 m DB-5 capillary column 

. in an HP5890 gas chromatograph (injector 220 a C; oven 
70°C for 2 min, then + 20*C/mm to240°C) equipped with 
a. flame ionization detector. Each sample was injected 
twice, and the integrated values of the peak size versus 
the internal standard were averaged. The. log [ethyl acry- 
latej was plotted as a function of time to calculate a 
pseudo-first-order rate constant in sec" 1 . With [hose 
reactions which were fast enough to progress beyond 

* pseudo- first-order behavior, the data obtained during the 
first half-life of ethyl acryJate was used to reflect the rate 
while the model was simulating coatings cure. All indi- 
vidual lines had regression coefficients (R 2 ) >0.970 t but 

repeated runs of "identical" reactions suggested that the 

precision of any given measurement was —20%. 

Preparation of Acrylic Rosins 

A heated, four-necked round-bottomed flask with elec- 
tronic temperature control was equipped with an air driv- 
en stirrer, a condenser, and an addition funnel; The resin 
formulation was calculated so as to provide a. final prod- 
uct at 60% solids. The majority of the Hklapro® EEP 
solvent was charged into the nitrogen purged flask, and 
was thenheatcd to IOO a C The monomers and Vazo® 67 
initiator were dissolved in Ektapro BBP solvent* placed in 
the addition funnel, and added dropwise to the heated 
solvent over four hours. After the addition was complete, 
the reaction was maintained at lO0°C for an additional 
half-hour; and additional , /*.moIe% of" the initiator (as a 



tfU*p(\* I* 9 KfUUK* (fatfeAJffic ortbUlitaA CTirmical Product*. 

Vjuiu i» a rc^i tiered n^^mc ©f E.I. duPon! do Ncniotin; St Co.. inc. 



Table 6 — Enamel Formulations Based an Michael-type 
CrOssiinfcing 

Rcslrt (Molc% AAEM) 

Port A; Grind 20 30 

Rtsstn (60 wt& in Ektapro ££p solvent) d3,6 32.6 

Trimcthylolpropanc (riacrylaie 3.6 4.3 

TiOj,..-' 20.4 15.2 

MIAK 14.4 17.8 

Ektapro EHP solvent 7.9 14.4 

n-Bmanol . I* 4 

Part Catalyst 

DSU (5 wt<fr In n-bwanol) 2.2 1 .3 

1 00.0 100.0 

#4 Fwd Cup viscosity, sec 30 32 



90 



Table 7— Properties of Enamel Formulations Based on 
MIchacr-typG Crosslinking 

Resin (MoIc% AAEM) 

20 3 0 

Average film thickness, mil 1.2 |.2 

Gloss b<60* 83 82 

at 20° 74 70 

MEK mb resistance 

Number passed 250 25o 

Pencil hardness to mar 4H 3H 

Impact resistance, in.-Ibs 

Direct : 8 j$ 

Reverse , 4 4 

Stain resistance" 

Iodine after 5 min N N 

Iodine aHer 30 min ■ N . VS 

Ink after 24hr N N 

Chemical resistance* 

SuITuric acid after I hr •. . N N 

Sodium hydroxide after I hr N N 



(■£c»lc: Mf*no effect: and vji iery nl'^ht effect. 



10mol% solution in Ektapro EEP) was added to conclude 
the reaction. The solution of the polymer in Ektapro EEP 
was then cooled for storage. 

Preparation of Thermoset Materials 

An acetoacetylated polymer* and a stoichiometric 
quantity (based on individual • functional groups) of 
TMPTA were dissolved in either EBP or 50/50 nBuOH/ 
xylene at the specified concentration (typically 33% so- 
lids). Aliquots (10 mL) of these stock solutions were 
pipetted into 15 mL vials, a catalyst was added (typically 
5 mole% relative to acetoacetyl groups), and the vials 
were repeatedly inverted until they gelled. A visible vis- 
cosity increase was generally noted only very shortly 
before the gel point. 



SUMMARY AND CONCLUSIONS 

A model system was developed to evaluate catalysts 
for the Michael reaction of acetoacetylatcd compounds 
and to learn more about the reaction process. This model 
was used to demonstrate that alkylated amidine (DBU- 
DBN) and guanidtne (TMG) bases will catalyze the Mi- 
chael reaction at ambient temperature, and that reaction 
rates can be controlled by the choice of the catalyst and 
the level at which it is used. This discovery provides an 
alternative to the more conventional hydroxide bases, 
although each class of catalysts has its own merits. The 
hydroxide bases are the low cost materials and are ex- 
tremely reactive, but they suffer from lesser solubility in 
nonpolar solvents. Also, the hydroxide bases are often 



♦Hydro*yl group* were DcciojcciyLted at 4f>*C, typically m <ibyl acciuic *oJutk»u. * *> 
DMAPc*<*J/u «i« (he *\w addiiiun of dikctenc. 1 
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u sed at very low levels, which increases the susceptibility 
of these systems to catalyst neutralization 4 acid c 
impuncies. 1 he advantage, of the alkylated amSncS 
gujnidmes include their ready solubility, even n xy ene 
and the ; divers, ty provided by the wide variety of mated' 
als available within these compound classes' 7 " 

^r^^ C n ° nstratcd th9t amidine ™d guanidine 
catalysts will promote the ambient temperature crosslink 
ing of acetoacctylated acrylate, polycstcrf and cXtefc 

Michael crosslwking technology we cr^n^J 

using TMG. Many acctoacetylated polymers and nolvols 
are rcadHy amenable to high solid* ^pJlicaJiS? £ the 

Xcr^'T 110 "? «<* ] «"« un^hesb conditions 
the catalyst must be carefully chosen to provide thebS 
ba ance between cure rate and pot life 

Much remains to be learned about the Michel 
fon. especially as it appJies lQ , hc p ^ a ^ f ^^ttr m T 
set : coatings We hope that others will bu id on ou efforts" 
to understand this reaction and can develop practical 

<=cctylatcd monomers and polymers. 
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